The effect of CLA supplementation of feeds for sows in late pregnancy on thyroid hormone, total cholesterol and cholesterol fraction (LDL and HDL) concentrations in the serum of piglets was determined. The experiment was conducted on 8 lactating sows (Large White x Polish Landrace) divided into two groups. The sows were fed a complete granulated feed with free access to water. From day 90 of pregnancy to delivery, the sows received a 4% addition of sunflower seed oil or CLA oil (EDENOR UKD 6010, Henkel). Samples of colostrum were taken 24 h after delivery. Milk samples were taken 3 h after the morning feeding on days 8 and 21 of lactation. On day 21, blood from the jugular vein was sampled from two piglets in each litter for determination of thyroid honnone, total cholesterol, HDL and LDL cholesterol. The addition of CLA to the rations of the experimental sows late in pregnancy increased the level of conjugated Hnoleic acid in colostrum in comparison with the control group (P<0.001). On days 8 and 21 of lactation the CLA content of milk was lower than in colostrum (P<0.001). Significantly higher levels of thyroxine and triiodothyronine (P<0.05), lower total cholesterol and HDL (P<0.05) and LDL (P<0.01) levels were found in the blood plasma of piglets in the experimental group in comparison with those in the control group.
INTRODUCTION
Milk is the main food of piglets in the first weeks of life, therefore its composition is of major importance for proper growth and development. It has been demonstrated many times that feeding young animals diets deficient in polyunsaturated fatty acids leads to stunted growth and disease. In recent years particular attention has been focused on the role of conjugated linoleic acid (CLA), which shows a wide spectrum of activity (Pariza, 1997) . Studies conducted on many species of animals demonstrated that CLA affects lipid metabolism and body fat content (TsuboyamaKasaoka et al., 2000; Nollette and Miner, 2001; Ramsay et al., 2001; Thiel et al., 2001) . The results of numerous experiments have shown that CLA is easily absorbed from the gastrointestinal tract of monogastric animals, and its content in tissues is correlated with the CLA level in consumed feeds (De Deckere et al., 1999; Thiel-Cooper et al., 2001) . It was also found that CLA added to rations reduces fat synthesis in cow's (Chouinard et al., 1999 ) and pig's (Harrell et al., 2000) milk.
Thyroid hormones play an important role in fat metabolism. Field et al. (1986) found that a decline in thyroxine levels in hypothyroid rats caused a rise in plasma cholesterol levels. On the other hand, the secretory activity of the thyroid gland is regulated, among others, by the fatty acid composition of the ration. Fats containing large amounts of mono-and polyunsaturated fatty acids were found to increase blood levels of triiodothyronine (Eder and Kirchgessner, 1997) , whereas animal fats lowered the level of this hormone in comparison with vegetable fats (Takeuchi et al., 1995) .
The objective of this study was to determine to what extent the addition of CLA to the diets of sows in the late stage of pregnancy affects thyroid hormone and cholesterol levels in the blood of piglets.
MATERIAL AND METHODS
The experiment was conducted on 8 (Polish Landrace x Large White) lactating sows in their 3-4 lactation. The sows were divided into two groups and fed individually according to Nutrient Requirements of Pigs (1993) with a complete granulated feed with free access to water. On day 90 of pregnancy to delivery, the animals in the experimental group received a 4% addition of an oil formulation of CLA (EDENOR UKD 6010, Henkel). In the same period, the diet of the control sows was supplemented with 4% sunflower oil to maintain the same energy value of the diets. Daily rations were adjusted to the production cycle and equaled: up to day 100 of pregnancy, 3 kg; from day 101 to 111, 4 kg. Rations were withheld on the day of delivery, while during lactation they were increased to 5-6 kg depending on the number of piglets in the litter. The average size of the litter at birth was 11.5 piglets in the control group and 10.25 in the experimental group, while on day 21, 9.50 and 9.25, respectively. The piglets were given additional feeds with a prestarter starting from the second week of life. The nutritional value of the feeds and fatty acid composition of the fat in the feeds are given in Table 1 . Samples of colostrum were taken within 24 of delivery, whereas that of milk, 3 h after the morning feeding on days 8 and 21 of lactation. Samples of about 100 ml were obtained manually by milking all of the mammary glands after previous intramuscular administration of 20 IU of synthetic oxytocin. On day 21 of life blood was sampled from the jugular vein from two piglets in each litter for determination of thyroid hormones and cholesterol. The fatty acid composition of oils, colostrum and milk was determined by gas chromatography using a Varian 3400 apparatus and a CP-WAX 58 column after previous extraction of lipids by the method of Folch et al. (1957) . Conjugated linoleic acid (CLA) was identified on the basis of a standard obtained from Sigma (O 5507). Thyroxine (T4) and triiodothyronine (T3) were determined in blood plasma by radioimmunological methods using commercially available diagnostic kits, RIA-T4 and R1A-T3; total and HDL cholesterol were determined enzymatically using diagnostic kits from Cormay; the LDL content was calculated mathematically.
The results were subjected to statistical analysis using Statgraphics Plus 4.0 (1999) software. 
RESULTS
The sunflower oil and the oil CLA preparation used in the experiment contained conjugated linoleic acid in the following amounts, 0.1 and 61.3%, respectively, of the total fatty acid content ( Table 2 ). The content of the particular isomers contained in CLA is given in Figure 1 . On days 8 and 21 of lactation, colostrum and milk contained only small amounts of CLA (0.5, 0.23 and 0.16% of total fatty acids) in the group of control sows; the difference in the content of this component in colostrum and milk was not statistically significant. In the group of experimental sows receiving CLA, the CLA content in colostrum was 10.21 % of total fatty acids. On days 8 and 21 of lactation, the level of CLA in milk significantly decreased in comparison with that in colostrum (P<0.001). The differences between the CLA content in the colostrum of control and experimental sows were significant (P<0.001), but no significant differences were found between groups in the CLA content of milk (Table 3) . Conjugated linoleic acid in colostrum and milk of experimental sows had no effect on the average milk consumption of piglets (0.96 vs 0.95 kg) or body weight of piglets on day 21 of life (5.1 vs 5.3 kg) in comparison with control animals.
The plasma thyroxine (T4) and triiodothyronine (T3) contents in the experimental group of piglets were significantly higher on day 21 of life than in the control animals ( Table 4 ). The plasma T4/T3 ratio was similar in both groups and the differences were confirmed statistically. The experimental piglets had significantly lower plasma total cholesterol, HDL (P<0.05) and LDL (P<0.01) levels in comparison with control piglets (Table 4) . No significant differences were found in the HDL/LDL ratio between the two groups, although a tendency was noted for it to increase in the experimental group. 
DISCUSSION
The experiments conducted on pigs show that the fatty acid composition of sow milk can be modified through the diet (Taugbol et al.,1993; Pietras and Barowicz, 2002) . It was also found that providing conjugated linoleic acid (CLA) during lactation increases its concentration in the milk of rats (Chin et al., 1994) . In experiments on sows, Bee (2000) compared, among others, the effect of a 2% addition of sunflower oil enriched with linoleic acid and an oil preparation of CLA in rations fed during pregnancy and lactation on the fatty acid composition of colostrum and milk. He found that the CLA oil preparation significantly increased the concentration of conjugated linoleic acid in the colostrum and milk of sows and affected the long-chain fatty acid composition. The results of our experiment corroborate these findings. The addition of 4% CLA oil to the feed of sows in the late period of pregnancy significantly increased the amount of CLA in colostrum. On the eighth day of lactation the content of this fatty acid in milk decreased significantly in comparison with colostrum, but still was three-fold higher than in the control group, while on day 21 the CLA level in milk was similar in both groups of sows.
The significantly lower levels of total cholesterol, HDL and LDL in the blood plasma of piglets in the experimental group fed colostrum and milk with an elevated CLA level correspond with the results of other authors and point to a hypocholesterolemic effect of CLA in animals (Lee et al., 1994; Nikolosi et al., 1997) . Szymczyk and Pisulewski (2002) also found a significant reduction in the serum LDL and total cholesterol levels in the liver of rats fed a diet containing 20% egg yolk of eggs enriched with CLA in comparison with a group fed the same amount of standard egg yolks.
The differences in serum cholesterol levels between groups of piglets in our experiment could have been the result of changes in thyroid activity, which plays an important role in cholesterol metabolism. Eder and Stangl (2000) demonstrated a significant negative correlation between thyroxine and cholesterol levels in the blood plasma of pigs.
In the present experiment the plasma thyroxine and triiodothyronine levels in 21-day-old piglets reared by experimental sows were higher in comparison with piglets from the control group. The significant increase in the level of both thyroid hormones may suggest a stimulatory effect of CLA on the secretory activity of the thyroid gland.
The results obtained by other authors suggest that the fatty acid composition of dietary fat affects the level of thyroid hormones in the blood of animals. Smith et al. (1993) found a lowered level of thyroid hormones in the plasma of rats fed a tallow-containing than in those fed one with sunflower oil. Takeuchi et al. (1995) fed rats a feed containing lard, sunflower oil or linseed oil in amounts of 200 g/kg and observed a significant increase in the level of triiodothyronine in response to vegetable oils. Eder and Stangl (2000) , in turn, found a significant rise in the level of thyroxine, from 42.5 nmol/1 to 56.0 nmol/1, and an increase in the T4/T3 ratio in the plasma of miniature pigs fed a feed containing 15% sunflower oil oxidized at 110°C in comparison with fresh oil.
In summary, it can be said on the basis of these results that conjugated linoleic acid in the colostrum of sows increases the level of thyroid hormones and lowers the level of total cholesterol and HDL and LDL cholesterol in blood plasma. This suggests that the blood cholesterol level of piglets fed conjugated linoleic acid in the colostrum and milk of their dams may and depend on the level of thyroid gland activity. Okreslano wplyw CLA dodanego do paszy loch w ostatnim okresie cia^zy na zawartosc hormonow tarczycy, cholesterolu calkowitego oraz cholesterolu we frakcjach lipoproteinowych LDL i HDL w osoczu krwi prosiat Doswiadczenie przeprowadzono na 8 lochach (wbp x pbz) podzielonych na 2 grupy. Lochy zywiono pelnodawkowa^ mieszanka^ granulowana^ przy stalym dost^pie do wody. Od 90 dnia ciazy do wyproszenia lochy otrzymywafy 4% dodatek oleju slonecznikowego lub oleju CLA (EDENOR UKD 6010, Henkel). Probki siary pobierano w 24 godz. od wydalenia lozyska, a probki mleka w 3 godz. po rannym odpasie w 8 i 21 dniu laktacji. W 21 dniu zycia prosiat pobrano krew z zyly jarzmowej w celu oznaczenia zawartosci hormonow tarczycy i wskaznikow lipidowych. Wprowadzenie preparatu CLA do dawek pokarmowych dla loch doswiadczalnych w ostatnim okresie ciazy zwiejkszylo poziom sprzezonego kwasu linolowego w siarze w porownaniu z grupa^ kontrolna^ (P<0,001). W8 i21 dniu laktacji zawartosc CLA w mleku loch grupy doswiadczalnej obnizyla si? w porownaniu z siara^(P<0,001). Zawartosc tyroksyny i trojjodotyroniny w osoczu krwi prosiat z grupy doswiadczalnej w 21 dniu zycia byla istotnie wyzsza (P<0,05), natomiast zawartosc cholesterolu calkowitego, HDL (P<0,05) i LDL (P<0,01) nizsza w porownaniu z prosietami grupy kontrolnej.
Uzyskane wyniki wskazuja^ ze sprz<?zony kwas linolowy zawarty w siarze loch zwi^ksza zawartosc hormonow tarczycy w osoczu kiwi prosiajt oraz obniza poziom cholesterolu calkowitego i cholesterolu we frakcjach lipoproteinowych.
